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g> Uquld hybridization method and kit for delecting the presence of nudelc acid sequencaa In samples.' 

@ A particular nucleic acid aequtnce present In a test simple 
can be detected in an assay wherein extracted nucleic acids in 
the test sample are hybridized In the presence of a molar 
excess of at least two oligonucleotide probes, one of which is 
attached to detectable label moiety (tes) and the other of which 
li attached to a binding moiety different from the label 
mole ry( lea) and epecrflcaJy recognizing a complementary 
binding molecule. The probes are complementary to different 
norvoverlapplna portions of the seme strand of the nucleic acid 

3 sequence to be detected. After hybrtdzahon, the mature is 
contacted with a solid support carrying the complementary 
binding molecule specifically recognized by the binding moiety. 
^ and the support ta washed and exposed to detection means. 
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Description 



LIQUID HYBRIDIZATION METHOD AND KIT FOR DETECTING THE PRESENCE OF NUCUHC ACID 

SEQUENCES IN SAMPLES 

The present : invention relates to a method and kit for detecting particular nucleotide sequences which ar. 
5 suspected of being contained In a test sample containing the nucleic acids from on. or mo« "ga^s L in 
panicular. the method Involves using at least two oligonucleotide probes which are complemem^rntZ .; 
exdus.ve portions of the same target nucleic acid in a liquid hybridization format to anneal theses Votte 

« 9 IL J \| S Pr8Se ? , : k ,nd d ! tBC,ln9 ,h * pr " ence °' ,af * et b * ^mobilization of the two-probe target 
sandwich by one of the probes and subsequent detection of the other probe 

10 .f^"" 1 ^ "IP 10 *** ™<hods for DNA probe-based assays Include Southern blot and dot blot 
hybridizations. Both of these methods rely on liquid-solid hybridizations, which are slow and Inefficient and ar« 
not easily automated. The Southern blot protocol has the further disadvantage of inefficient transfer from cai to 
paper. ' 
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Another typo of liquid-solid hybridization is described by U.S. Patent No. 4 358 535 (Falkow) RanH et al 
(1983) Gene. 21:7785, and European Patent Publication No. 130.515. U.S. 4.358.535 describes in" general the 
method using a single probe to detect an Infectious organism. A sandwich system utilizing two mutual* 
exclusive probes to the same target Is used to detect adenovirus DNA In the Rank! et aJ article and to detect 
DMA sequences containing a restriction site of Interes, preferably sickle cell anemia. In the EP publication In 
both cases, one of the probes Is preferably bound to a solid support, and the other Is bound to a 
20 signal-generating label. The two probes are contacted under hybridization conditions with the extracted and 
denatured DNA sample, and the unhybridized and singly hybridized probes axe removed. The detection of the 
dual hybridization product indicates whether the target is present or absent. This method can be run on 
relatively crude samples and can remove potentially interfering debris by wash steps prior to detection but has 
the drawbacks of solid-flquid phase hybridization kinetics and difficulty in automation 
25 in contrast to liquid-solid hybridization, Dquid hybridization. In which the probe and target are contacted in a 
homogeneous solution, has very rapid Wnetics and Improved sensitivity due to greater access of the probe to 
the target sequences. For example, Gen-Probe Inc. uses a liquid hybridization hydroxyapatfte methed to 
detect DNA sequences. The main disadvantage of this system Is that It relies on adsorptive discrimination of 
double-stranded from single-stranded DNA sequences rather than sequence-specific separation of hybrid 
30 from excess probe. This former separation is imperfect because the vast excess of probe added relative to the 
target sequence will Inevttabfy cause some reporter probe to be bound along with the hybrids of Interest The 
contaminating reporter probe may represent a serious background problem. 

Another potential advantage of liquid hybridization is that a generalized solid support can work for a 
multitude of targets ff the support-binding probes are labeled with the same reagent. 
European Patent Publication Nos. 70.685 and 70,687 also describe liquid hybridization. The former patent 

2: ir ™r h ^:* probe - ^ ? roposaj is to cmp,oy ^^:sss^ 

regions on a polynucleotide sequence of interest end to label one probe with a chemiluminescent cataMt 
such as Peroxidase and the other with an absorber molecule for the chemiluminescent emisShe «SS 
and absorber labels must be situated near the contiguous terminal ends of the respective . orabaa > LSE 
upon hybridization the chemiluminescent emission is quenched by ^%^ % SS^£Si m£cl£ 
The assay depends on controllable synthesis of two critical probe reagents so that the «p e SE 2s £ 

It is known that nucleic adds can be chemically modified, as by using N-acetoxy-N-2-acetvlaniin Q n l .o™„. 
tta 7-lododertvatlv.. for hnmunoprecipHating complementary ^^^S^^^SSS^Sr 
SZSSUZTTTZS?* n r ,SOtopte, " y - Such method ' desc ^ 8d * Tchen^e, a? JST, pJi| 

There Is a need In the art for a simple method which utilizes the rapid Wnetics of liouid h vhrMfc»H™ i 
allows the hybridized material to be washed to remove debri. from cn!de samX ^ 
Accordingly the present Invention provides a liquid hybridization sandwich assay for deledino nueUte .wh 

More specifically, the present Invention provides a liquid hybridization method for detectino wh.th-r . 
partner target nucle.e acid sequence suspected of being contained In a test sample it22 ZZt nude* 
acids Is contained therein comprising the steps of: nuae*c 
GO (a) extracting the nucleic acids In the test sample; 

(b) separating any extracted double-stranded nucleic acids Into single strands- 

(c) exposing the single-stranded nucleic acids to a molar excess of at least two olloonudeotirffl nr«ho« 
capable of hybridizing with the target sequence, at least one of which ^S^m^^^ 
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the same or d.fferent label moires capLt* of being detecr^/anVct least onu of WXcU probes is a 
support-binding probe linked to a binding moiety which specifically recognizes a comDlement^nrifn! 
molecule and which is different from the label moiety or moieties used for the i^pSS^ 
wherem ail of said probes are complementary to different non^rlapping regions of the same Cand or 
said nucleic acid sequence to be detected ; wd of 

(d) subjecting the Tnixture from step (c) to hybridization conditions favoring hybridization of said 
probes to said sequence; ¥ 7 ° f " l0 

(e) contacting the mixture of step-(d) with a solid support phase which carries said complementer/ 
binding molecule specifically recognized by the binding moiety of said support-binding probe ■ 

(f) washtng the solid support phase to remove any unhybridized nucleic acids and cellular' debris from 
the support phase; and 5 irom 



(c) a solid support carrying said complementary binding molecule which Is specifically recognized bv 
the binding moiety of the support-binding probe. y 



w 



(g) detecting the presence or absence of said sequence by exposing the solid support to one or more 
means for detecting the label moiety or moieties of said reporter probe or probes 
Preferably the nucleic acids are DNA. the label moiety for the reporter probe(s) is biotin, and the b.nding 
moiety for the support-binding probe is a hapten, to which antibodies on the solid support will specifically bind is 

In another aspect of the invention, a liquid hybridization assay Wt is provided for determining whether a 
particular nucleic acid sequence suspected of being contained in a test sample on one or more nucleic acids is 
contained therein comprising: 

(a) at least one oligonucleotide reporter probe which Is linked to a label moiety capable of being 
detected and which Is complementary to a first region of one strand of the nucleic acid sequence to be 20 
detected; 

(b) an oligonucleotide support-binding probe which Is linked to a binding moiety which is different from 
said first tabel moiety and which specifically recognizes a complementary binding molecule, wherein the 
support-binding probe is complementary to a second region of the same strand of said sequence which 
region does not overlap the first region of said sequence, and 
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The method and kit herein avoid the disadvantages of solely liquid-solid hybridizations and solely liquid 
hybridizations and combine the advantages of both. Thus, hybridizations can be done on crude samples as 
with liquid-solid hybridizations, which aJlow for washing the solid support, but also have the rapid kinetics 
associated with liquid hybridizations. The use of two probes will ensure the accuracy of the detecting system 
Furthermore, the method herein does not require expensive equipment to read the assay results because 
they can be read visually for a yes-no answer or on a simple plate reader for quantitation. The reaction 
products can be photographed for permanent records. 

The term -liquid hybridization' as usee* herein refers to a hybridization of nucleic acid probes and tarqet ss 
sequence which takes place in a liquid medium without the presence of any solid support attached either to 
the probe(s) or to the target sequence. 

The term -extracting' as used herein refers to the process of taking nucleic acids from the cells in the test 
sample and making the nucleic acids available to enzymes and probes. Extraction may Include for examole 
disruption of cells, and separating the nucleic acids from the cellular debris. 

The term 'oligonucleotide' as used herein to describe the probe refers to a molecule comprised of two or 
more deoxyribonucieotides or ribonucleotides, preferably more than three. Its exact size will depend on manv 
factors, maJnry the target nucleic acid sequence suspected of being present In the test sample 

The term 'test sample" as used herein refers to a sample containing one or more nucleic acids and may be 
purified or non-purified, provided it contains or is suspected of containing the speeffle nucleic acid sequence 
desired. The nucleic acid sequence to be detected may be, for example, DNA or RNA, Including messenger 
RNA, and the DNA or RNA may be single or double stranded. In addition, a DNA-RNA hybrid which confabs 
one strand of each may be utilized. A mixture of any of these nucleic acids may aiso be employed. Preferably 
herein the nudeic adds are double-stranded and are DNA. The specific nucleic acid sequence to beTetected 
may be only a fraction of a larger molecule or can constitute the entire nucleic add. The test sample may be <a 
crude In that the nudeic add sequence suspected of being contained In the sample Is a minor fmctton of a 
complex mixture and/or the sample consists of an unpurtfled mixture of several different types of nudeic 
acids. For example the sequence may constitute a portion of the 8-oJobln gene contained In whole human 
DNA or a portion of nudeic add sequence from a particular microorganism which represents only a very minor 
fraction of a particular biological sample. The test sample may be obtained from any source for examole from 
plasmlds such as pBR322. from cloned DNA or RNA, or from nature] DNA or RNA from any source (ceOs 
tissue and body fluid). Including bacteria, yeast, viruses, and higher organisms such as plants or animals' 

!T !L W d , S inC Ude bteod 58mm ' cer « br03 P in *l ™<J, amniotic fluid, tears, sairva, urine, sputum' 
and the like. Cells and viral and biological tisue extract material may aiso be test samples 

In the first step of the process herein, the test sample Is Heated to extract the nucleic acids contained 
herein. This may be done by any appropriate means. For example. RNA or DNA may be extracted from body 
llulds such as blood or urine, tissue material such as chorionic villi, or ceils such as amniotic cells by a variew 
of techniques such as that described by Manlatis et al., Motecufar Cloning (1982) 280-281 

After the first step, the nucleic acids may optionally be reduced In size by sonlcatlon or contacted with an 
appropnate restnetion enzyme not recognizing a site within the target sequence to obtain a target sequence 
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of sufficient length to have two or more regions of non-contiguous homoTogy. The restrict!* i foments m av 
be less viscous, less susceptible to shearing In the middle of trig hybridization regions, and faster to dena^rl 
and hybridize. The enzyme must be destroyed (as by heat or chemicals) before exposure to the D rob« if 
either of the probes contains the restriction site. 
5 If the nucleic acids in jhe test sample are double stranded. It Is necessary to separate the strands thereof 
before the hybridization step.This strand separation, or denaiurafon. can be accomplished by any suitable 
method, including physical, chemicaJ or enzymatic means. One physical method of separating the strands of 
the nucleic acid(s) involves healing the nucleic acid(s) until it/they are completely (> 99<5A>) denatured Typical 
heat denaturation may involve temperatures ranging from about 80 to 105' C for times ranging from about one 

W to ten minutes. Quenching of the denaturation is accomplished by rapid cooling. Strand separation of DNA 
may also be accomplished by adding base to the DNA generally at 0.1 to 1 N NaOH. followed by neutralizing to 
pH 6-6-5. Base cannot be added to RNA as it will degrade the RNA. 

After any neutralization step Is carried out, the single- stranded nudeic acld(s) are hybridized to two types of 
oligonucleotide probes, one type designated hereinafter as the reporter probe, which may be one or more 

15 probes, end the other type desgnated hereinafter as the support-binding probe. 

The reporter probe or probes are linked to the same or different label moieties capable of being detected. 
The linkage Is as strong as or stronger than nucleic acid hybridization interactions and generally Is a covalent 
linkage. Preferably more than one reporter probe are employed, and the same label moiety Is used for each so 
that the signal Is enhanced. The label moiety employed for each probe Is a moiety which Is capable of 

20 producing a detectable signal, e.g., an enzyme which can be detected in small quantities by a process which 
generates a signal. Examples of suitable such detection means Include spectroscopic or photochemical 
means, e.g., absorbance, fluorescence or chemfluminescence, or radioactive, biochemical, immunochemical 
or chemicaJ means such as changes in physical, biochemical. Immunochemical or chemicaJ properties on 
contact wflh a detector analysis compound or reaction with a polypeptide or polypeptide/enzyme mixture to 

25 form a detectable complex. Thus, in this context the term 'label" is intended to include both moieties which 
may be detected directly, such as radioisotopes or fluorophores, and reactive moieties which are delected 
indirectly via a reaction which forms between the label moiety and another moiety which Is capable of 
. producing a detectable product, such as boitln. which reacts wtth an avidln- or streptavldtrvnenzyme conjugate 
an enzyme, which reacts with substrate to form a product detectable by cotorometric or fluorometrlc means' 

30 or a hapten, which reacts with an antibody specific therefor labeled with a detectable moiety. 

The preferred hybridization reporter probe(s) herein is/are rtonradioacttvefy labeled, to avoid the 
disadvantages associated with radioactivity analysis, and Is/are resistant to the hybridization conditions. The 
preferred detection means herein are spectroscopy or photochemistry or the formation of a detectable 
complex between .the label moiety and a polypeptide, lectin, or antibody linked to an entity capable of 

3S generating a detectable change, Including enzymes, such as, e.g., aJkaiine phosphatase or horseradish 
peroxidase, which have chromogenlc or fluorogenic substrates, or lucrferase, which can generate 
luminescence. Examples of such complexes are as follows: If the label moiety is biotin. a complex of the 
polypeptide avidin with an enzyme such as horseradish peroxidase or aJkaJine phosphatase or a conjugate of 
avidin and cheml- or bioluminescent labels may be employed as the detection means. If avidin is the label 

40 moiety, then blotln can be used In conduction with a chemiluminescent reagent, bioluminescent reagent or 
enzyme. If a hapten (which is immunogenic only when attached to a suitable carrier) is used as the label 
moiety, such as, e.g., fluorescein, dtaltrophenol, or N-acetoxy-N-2-acerytamInofluorene, then appropriate 
detectable antibodies can be used as the detection means. For example. If dinftrophenol Is employed as label 
moiety, a suitable antibody would Include, e.g. monoclonal or polyclonal antidinitrophenol antibodies The 

45 antibodies may be directly detected by a label attached thereto such as, e.g. f an enzyme, a chemiluminescent 
reagent, a bioluminescent reagent, a ftuorophore, or Staph A protein labeled with detectable molecules 
Altematfvery, the antibodies may be detected indirectly by adding a second labeled antibody specific to the 
first antibody, tf carbohydrates are used as label moieties, labeled lectins may be employed as the detection 
means. The most preferred label moiety herein for the reporter probe or probe(s) is a hapten or biotin where 

50 the most preferred detection means for biotin Is an avidin- or streptavidin-enzyme conjugate. 

The support-bmdlng probe Is a single probe which b linked to a moiety (hereinafter called binding moiety) 
which Is capable of attaching to a solid support phase and wWch Is different from the label moiety or moieties 
used In conjuctlon wtth the reporter probe(s). The attachment of probe to solid support phase Is stronger than 
nucleic acid hybridization Interactions. The binding moiety employed for this purpose may be chosen from any 

S5 of those described above with respect to the reporter probe(e) which specifically recognize a complementary 
binding molecule, such as, e.g., a polypeptide, lective or antibody, provided it Is not the same as that actually 
used for the reporter probe(s). The binding moiety for the support-binding probe must be different because 
the reporter moiety must bind to the soQd support only by indirect association with the binding moiety 

The greater the difference between the binding moiety and the label moiety, the better the sensitivity and 

60 speaficfty to prevent false negative and positive results, respectively. In the diagnostic tests. This difference Is 
measured by the extent of cross-reactivity between the two types of moieties. Cross -reactivity can be 
measured by the gel immunodiffusion test of Ouchterlony. by competttive radioimmunoassay or bv 
equilibrium dlarysls. " 7 

The stronger the Interaction between the binding moiety and the complementary binding molecule the 

SS lower the detection limit is likely to be. Binding strength can be expressed quantitatively with the dissociation 
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constant parameter, or Kd. The lows, the Kd. the stronger the birrfng. 5cr example an. -i. air**,... 
known binding reactions, that between avidin and biotin. has , Kd near 10- "HcZZ 'JLf 9 
anlibody-antigen reactions have Kd values on the order of 10 *-10 - ' M where^. h . ° h6 ' hl " d ' man V 
unacceptably high. Preferably, the Kd tor ,he binding reaction ^£%S,£^^S* 
support Is less than 10-' M. Most preterably. the Kd is less man 10- '» M. ExJS^l^nlTJZ 

d= P £nor an,ibodi " wrth such high ^ mM ^.^xzz g z 

The complementary binding molecule for the binding moiety of the probe will be coated cn or attached »„ 
; the sohd support, which is exposed to the mixture after hybridization. For example I thT lrtl n i .1 
support-binding probe is biotin. a solid support to which has been attache \ * f °, ™* 

con.acted with the hybridized mature. If the 'binding moiety is . hX^u KSSpTSj 
the so.,c I support carries antibodies specific to the hapten. Preferably, the bW ng moil T* the 

K^vTe 15 3 P,Ca "* m ° St Pre ' erab,y nU ° reSCein beCaUSC °' i,s ™* <° 
The probes themselves are origonucleotide probes, their particular composition being dependent on the 
particular nucleic acid sequence to be detected. Oligodeoxyribonucleotlde and oligonucleotide p,ob« 
can be used to detect both RNAand DNA sequence. Preferably the probes are oBgodeoxyrlbonucleoildes " 
addition, the probes must be chosen so that they are each capable of hybridizing to the same strand and 
complementary to different non-ove Mapping regions of the nucleic acid sequence to be detects tt,,. i. 
essential to the assay herein; otherwise the probes might compete with one another to lower assav san,it£h. 
The probes may also be ellele-specffic probes which encompass a region of the target nucleic acid 
sequence spanning a bue pair variation to be detected and which are specific for the seouanes w* a .^ 
being detected. For examp.e. H It Is desired to detect whether a samp.e contains the mutaUon for sSS 
anem.a. one probe will be prepared which is 5' to a diagnostic restriction site and the other probefsl will hi 
prepared which are 3" to the same restriction site on the same strand. These probes ere dalerihBrt L 
detail by Conner et al.. PNAS (USA). 80:278 (1983). P descnbed .n more « 

The exact lengths of the probes will depend on several factors, rf they are too short, the probes mav 
hybndue to nuclei acd sequences other than the targeted one; the ehorter the sequence mTm™ 
frequentty ,ts complement w.l be found in the nucleic acids of an organism. In addition, bale paring of ™n 
sequences will tend to be energetically weak, restricting the detection limit in the same fasSu w e< 2 
b.nding reaction of the support-binding probe to the support. On the other hand, very long p"b« "l shot 
slow k,net,« of hybnd^.ion end have an increased probability of containing self-complementa^seZnc^ 
which can fbrm internally base-paired secondary structure. Such self-hybrtdtzaUon wouliTZfe for 
hybridization with target nucleic acid sequences, decreasing assay sensitivity The probe mav h nZnlr J 
the hybridizing reg.on of the target motecule. such that binding moieties « , attach ^excess ^ 
The probes may be prepared by restriction digestion, by subcloning. or by synthetic oroductlnn „cin„ 
techniques well known in the art. Thus, for example. , nucleic acid having e sequencVsubstaS 
the sequence to be detected may be cloned and then digested with one or mor re ZI 
depend.ng on how many probes are to be prepared and how many convenient ZSSH 
Ihe sequence, which enzyme(s) will cut the sequence at the appropriate restriction^.^) ul"" £ 
of appropriate base p.ir length to be useful as probes. These ZJ^ni^^^'J^^^ 
restriction digest by any suitable means, such as e.ectrophoresis. They m? ™ ^^SlZS^T^S^ I* 
for example subc.on.ng. Thus, the restriction fragments^ Coned ^^S^SS^u; 
complementary restriction site to the fragments generated. The vector and fragments ^Slowed «o S°. 1« 
the new molecule Is used to transform an appropriate host. The oreoer clonal «™ .oi-M-^l 1 ^, d 

S ^ CU K b, :r, PreSMd mU *" ° r Up ° n DN^ana'tysi, v1?LcJo^^bSed on size °" **" * 45 

The hybridizing portion of tho probe may be cloned into M13 to obtain *inni. .tn^A ~ , , 
described by Messing. J. (1981) Third Cleveland Symposium on! *&£2 ^?^"^.? U ' *» 
Wallon. Elsevier, Amsterdam. 14 3-1S3. Also, a -gapped circle' nmbmS^^^ J"^ ,<L * 
Courage-Tebbe et ai.. Blochlm. Biophvs. Aei>. 697 1 e g.!^*.-^° be - " dMcribed by 

single-stranded portion of the molecule. ! ~ hybrldlzlno reoton a the only so 

In another embodiment, the probes are oblalned by using commonly known recomhin. n « hma . 
to subclone each of the desired oilgonucleotide fragment In %^^Z£^^ X T**~* 
PBR322 and pSC101. a variant plasmid of pBR322 with *dm^ ^^T< ™>^ » ' 'f ' 
insertions, which wu deposited with the American Type Culture ColtaSS? under AJCc Z ™?"JZ 
described In U.S. Patent Nos. 4.237.224 and 4.339.S38. ^ ol,ec,lon u "der ATCC No. 37.032 and Is sj 

In a third embodiment, the probes may be produced synthetically such as bv th« nh«.«h^- . 
phosphodlester methods described by Narang et al.. Meth Enzvmol S m£ Z2 Phosphotn-ater or 
EjuvmoL (1979) 68:109. respectrvety. or l^SSTO^'LJ'^ 
embodiment dlethytphosphoramidites an, used as starting materials ^ ^SzX iSSSSl *n 
Beeucage et al., Tetrahedron Letters (1981) 22:1859-1862 One method for «J»ih«!hS«7r " (,e ^ b,d 60 
modified solid s upport is described In UATat.nl No 4 «J 066 h ° d,0rSyn,he S ™ 9 ol'flonuetootW.. on a 

sl VtTSS m S TiSSf K pr8pared * a nuc,8ic ac,d « h 

After the probes are prepared, they are attached to their respective label and binding moieties by any « 
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by w. d h 

S dne*.d by Baurnan et a, J. His.ochem. ^^^ ^^7 *»> -uoroLom „ 
DNA may be chemically mo dified using N-acetoxy-N 2^ 7^ 1 e ?' 9Uanlne resWu « in RNA or 

(1977) describe, DNA adducts oflcTtylamlnoriDorene ( ^ P °' nef el ife £70:186-188 

employed. Such solution may consist of 100% water or up £ SvolLf n h , ybrid, " ,lon «^«ion S 
an inert polar organic solvent such as formamide conSS, vJnSu? T"^ P ' M * 2M ° 1 *- <" 
Polyvmylp y rrolidoneandaburferatpH6-9 Details of liouWhS' « ,3 * Rco "' ,enjm "bumin 

herein are provided by Wetmur. Ana Rev .1,5 * 'SSSSTiSS? ""Tk^ «" be 

15 CanCCr Res: C8B B ' 0 1 - M °'- BtoL- lumnr v/,rn, ^W,^ '^ 1976 » ™» by GJIespie. Recent Adv. 
mo.ar excess over stolcNometrlc amounts relaTlve to the mol2 oMest tZuV^V^ ,0 
of the probes to the nucleic acid sequence The exact eW£™„,ff P *' ,0 9nhance ,ne ra,e °' "'"ding 
depend, for example, on the labeVmoiet," «^^£^Z^*F*~ «" »• «*ltan J 

Sn^^ 

The hybridization conditions employed may have varvfnn Hao™.- ^ 
goal desired. Stringency Is affected by temperate SSu^,?" tnn9BnCy depend,n 9 °" Ornate 
concentration of the Inert organic M^^^S^S^^J^^rf a, ' 8,c - ControlUng me 
polarity and thus the stringency of the hybridization. General^ ^ PeTCent m ,he 
preferably 35 to 65'C. forO.25 to 20 hours. preferabryTsTo houJ ?™^^f occur «*°«25Xo7y C . 
on the re.at1ve and absolute concentrations of ^Zi^^'^ZT^T b< " n9 d9pendent 
concentretions of other Ingredients In the medium. O^e sta^f " h Tit^hT^ u »* 

the appropriate adjustments In conditions. The greater Bk »S ,T ^ °" be ■ bl ««on»k. 

requjred complementarity for hybridization between 1 pro^ SS^i,?^^ ,t,ona - *• the 
Pnor to contact of the hybridization mixture wtth the sSKrlrt Z r/ aa " uen <* to «>• detected, 
such that the probes do not bind non-specmcaly to in. tpSS, M U f rt ' S ,reat «d 

(bycoK 

recogmzed by. the binding moiety of the support 3nS SS^tI? complementary to. and specifically 
other compounds present *?ty*uSS?^ ^SS^S^ n0t ero **™« "V 
polypeptides, lectins, or antfcodlas. depending on to "blndK^ " SUCh bhcfln9 mo,ecul « ""dudi 
mcfude microliter wells, polystyrene S otds ^iT^^^ * aoM *W°<* 

such as nitrocellulose paper. yv.t.Mnso.uble%oTou3 St." sJch ? A^£; f," dWinti2ad ™»< 

and other matertais which wfll be inert to me reacilon mediurl Ind to^ ".""J 0 ," ° ra ny1on ™mbrane. 

eensitivrty reasons Is pref^abfy covaienHy Unked ^Ll nl ^S? ^ " n,ted ,0 Ule su PP ort . but for 
■ttw^ntof lh«e^pteri»nliblr«^mo^ ot l^ M « IUOn ' 9mp,0 >' ed wi " be suiible S 
^ J- CBn. Chem. Qln Bl^g^y m,,h « 5d fe ^ Ws attachment is described by Wood Jt 

r c^:^r P r& 

rom the test sample. If the support is a filter a wasX so2™ "*A l^ 3 - muTO P^«ccharid e s. etc 
ionta detergents or comblnatfons of s^,, and^tergen^^ ^„^ a V°. 1% ^ V0,ume 0,on8 or "ion; 
removedJf the support b beads, the r^k^orfffir.^^ * CertaJn con,act «™ «"d 

"quid and the beads contacted wtth tta 3n »o2ta o?S^S mL^ ™ y ^ "" 8f9d ,0 ™ ««• 

hqujd « removed and the walls of the well are washed Si, ft. , SEf'i SUPPOrt b ' m,cro,,,er we "- 
wfth the types of label moieties and nucleic «dd7KS3 £2^ , V ^ Wnfl S ° ,Ul ' 0n *" ^ ^ 
will consist of salts such as sodium chloride and Jodh^n^f ? *l™ of strin 9»»>cy required, but typical^ 
^een20orTrfto„x100.r„.con ta c^ro;w2^^^^ 

ranges from about five minutes to three hours or mora iZl W ? th8typaof 3o,uti0n . but generally 

60 may U,en be rinsed at room temperature wfth 'SS so^s^f!' 1 "Ir" 1 ** th " ^ « d «P«"»»d 
in"^ 1< 1 disru P l non ^P«ciflc Interaction, beforel LlSei^to dt! T cKrah « odiu '" chloride) If 
In (he final step of the process herein the label moieMtoSfK de,ec tlon means, 
exposing the washed and preferably blocked soHd^up^ , 0 ° """"^ P™" 913 ' ^ by 
mo,ety(.es,. If the moieties are detected, then ^"J^J*™™ mea ~ »» hbd 

« nuc,e,c acd and bo. ^ s o, probes, and Nucleic -^Z^^^ 



4Q 



45 



SO 



^ 0 733 33?. 

f 



sample is, In fact. In the sample. If more than one type of label moiety Is utilized, the order of addition of the 
detection means for each will depend mainly on the types ot detection means and label moieties employed. 
The detection means also may be added simultaneously, if appropriate. Suitable detection means are those 
described above In conjuctlon with the discussion of the label moieties for the reporter probe(s) and include 
radioactive, spectroscopic, photochemical, immunochemical, biochemical or chemical means. Immunochemi- 
cal means include antibodies which are capable of forming a complex with the reporter probe(s) under suitable 
conditions, biochemical means include polypeptides or lectins capable of forming a complex with the reporter 
probe(s) under the appropriate conditions, and photochemical means include ultraviolet, or visible light to 
stimulate fluorescence. In addition, the detection means may consist of a combination of an absorber-emitter 
moiety and a chemi luminescent catalyst in sufficiently close proximity to each other to permit ncn-radiatrve 
energy transfer, in conjunction with chemtluminescent reagents suitable for inducing a light response in the 
presence of the chemHuminescent cataiyst, as described in European Patent Publication Nos. 70,686 and 
70.665. The antibody, polypeptide or lectin must be capable of detection or include a moiety which can be 
detected when the complex Is formed. Examples of such includable detectable moieties include fluorescent 
dyes, electrondense reagents, or an enzyme capable of depositing an Insoluble reaction product or bieng 
detected spectrophotometricalty of nuorometricaily. Usually the antibody, polypeptide or lectin will be coupled 
to an enzyme which will react with a chromogenlc substrate. If, as with the use of enzymes, the detection 
means is capable only of indirect detection, any free detection means Is washed away from the solid support 
and the remaining components such as substrates for enzymes are added to visualize the bound detection 
system and read the results. For example, using an avidln-enzyme complex to detect hybridized reporter 
probe labeled with blotin involves washing off the unreacted avidin-enzyme complex, adding a chromogenlc 
substrate for the enzyme, and reading the resulting color change. However, proteins which become 
luminescent when treated appropriately may also be employed in detecting the labeled probe. 

The contact of the hybridization mixture and detection moiety, such as antibodies to an antigen label. Is 
preferably carried out with mixing to ensure sufficient interaction. 

The visulization of the results of the test may be accomplished In many ways, depending on the detection 
means. It does not necessarily require an expensive machine and, If a chromogenic detection system Is used, 
can generally be accomplished visuaily for yes/no answers or on a simple pUte reader for quantitation. The 
reaction products can be photographed for permanent records. 

The process herein can be automated using liquid handling systems such as that described in U.S. Patent 
No. 4.478,094. Thus, the microtiter wells are coated with the complementary binding' molecules which 
specifically recognize the binding moiety of the support-binding probe. Once the hybridization has occurred, 
pneumatically controlled samplers are used to transfer the hybridization mixture to the wells where the fixation 
lakes place. The wells are then automatically drained and washed to remove any material which was not bound 
to the solid support, Including excess reporter probe(s) which has/have not hybridized. A detection means Is 
then used to read the results. 

While the method herein has lower background than completely liquid hybridizations because the solid 
support can be washed to remove excess unwanted material. It can be made more sensitive by amplifying the 
suspected nucleic acid sequence In the test sample before It Is hybridized to the probes by using two 
oligonucleotide primers to produce extension products thereof in a chain reaction described In Salkl et iJ., 
supra. Amplification is particularly useful when the amount of nucleic acid available for analysis is very small! 
as, for example. In the prenataJ diagnosis of sickle call anemia using DNA from fetal c«Ha, and also la uaafui If 
such an analysis Is to be done on a small sample where there Is fewer than one copy of target nucleic acid per 
cell. 

The method herein may be used to enable detection of specific nucleic acid sequences associated with 
Infectious diseases, genetic disorders or cellular disorders such as cancer. 

For purposes of this Invention generic diseases may include specific deletions and/or mutations In genomic 
DNA from any organism, such as. e.g.. sickle cell anemia, cystic fibrosis, a-thaJassemla, B-thaJassernia. and the 
like, whether homozygous or heterozygous. Genetic diseases which can be related to the presence or 
absence of restriction sites, such as sickle cell anemia, may be detected by this method, analogous to the 
restriction fragment method. For example, normal B-gtobln would be cleaved by Ddel or Mstll. with negative 
results (both probes would hybridize to non-contiguous fragments). The homozygous sickiecell allele would 
not be cleaved, giving a positive reaction (both probes would hybridize to the same Intact target). 
a-Thalessemia can be detected by the absence of a sequence, and 6-theiessemIa can be detected by the 
absence of a sequence, and B -thalassemia can be detected by the presence of a polymorphic restriction site 
closely (Inked to a mutation which causes the disease. Preferably, the gene to be detected is B-globln. 

In the event that the method herein is used to detect a restriction site (as in the case of steWe ceil anemia), 
the probes must be specially designed for the method to work. One of the probes will be 3* to the restriction 
site of interest and one will be 5' to the restriction site. Neither probe can overlap the restriction site of Interest. 
Both probes hybrldtze to the same strand. 

Preferably neither probe spans a second site of the target which Is recognized by the same restriction 
enzyme as the first site of Interest. In any event, both probes cannot so span a second and third site because 
the results would not be accurate. If one of the probes spans a second sequence representing the same site, 
the probe which does not span any sequence representing the seme arte must be the support-binding probe! 
Otherwise, segments which are extraneous to the results will bind to the solid phase support, competing with 



the correct fragments. 

In this method for detecting a restriction site . the reafrfction enrvma whir*, * ^. 
added to the reactipn mixture preferably before hybrMta£? Xtot^T °Z * in,er8st " 
same conditions a, used wW? restriction fragment iJ^tSSS^i^^^^^ 
5 (Wilson at al.) and Geever et al.. PNAS. 7B:5081-5085 flsaiTto dTave^h. L „ i, ^ tc 395 ' 4 * 6 
restriction digest is contacted with thTsdidsupport phaiiand £e S a™?"!' L "f^t 7h,n ,h8 
Various Infectious diseases can be diagnosed usinathL n»«.! ♦ « descnbed above. 

samp.es of specific ONA sequent iSSSS of ^^JS^SS^S^ "** 
e.g.. bacteria, such as Salmonella. Neisseria gonorrheae pS ^ IcSni^ r ^ s ^ 
» Rickettsiae viruses such as the hepatitis Sruses. ^^Z^T^T^?^^ 
respons.ble for malaria. Antibiotic resistances can be screened for such substance^ a?B terta^J^ 1™ 
plasmids shared by many pathogenic organisms. suosunce* « B-lartamases found on 

In addition to detecting Infectious diseases and pathological abnormalities in ih a nonnm- „» 

solids and by volume |f for liquids, and al( temperatures are expressed In d^w Si,,!* 8 
50 EXAMPLE 1 

prL h edul« , o°eloi ,he ^ responsib ' 8 for sfckfe cell disease Is Identified using the 



25 



30 



40 



4S 



SO 



ss 



The assay Is performed by preparing two probes from cloned B-alobln ONA For this Dmn « »h» 
P BR328£A-1.9 (abbreviated to pBR.BA) is used as the source of the pRliiSiS, f '" n " d 
A 1.9 kb BamH. fragment of the normaJ e-,lobin gene ^S^iS^^^^^l^rV 
Collins .t «i PNAS 81 , 4894-4898 (1984) and inserted Into the BarnHI srtTof dBkS t£Z£?T R 
1980) 9£87405rTh5fragment which encompasses the r^^^J^^S^ ^ 
includes the first and second exons. first intron. and 5 1 flankfng sequences o^^ o^ n . ! ^ H prob *' 
15:1157-1 174). This clone. pBR**. was deposed on ^^^^S^^J^S^^S 
DNA from pBR:8A Is Isolated by standard procedures W^TxTS^^^^f^ 
separate d.gestfon reactions are set up. using appropriate* con^ons t^SS^L*!?^ 
enzyme manufacturer, one of which reactions uses Haefll and the other of which Ism HM1 * 
hi St l ndard procedures ,or Prap-rfng blunt-end fTigTntnto (described by ManlaUs et al suora) m* Hinn 

.in^o 9 n° S ?MS 9mSn,S ^ b ' Unt " ndQd ' nd " - ** **o the Sma, S «e of the per, 

The preparation and isolation of M13 are described by J. Messina f198ll Thirri ru«-i,~* c 

E^»^°%^ 
The blunt^ded Hlrrfl digestion products an, bluntH^ate^^^ 

SSrsar ly*? -* JM103 b - • »S5rat i^essse 

»p-labeled oligomer probes for the sequence desired fpJ™i ,S» q ? ■ nd subse ^^ Probing with 
Science. 196:180 (1977). "quence (Pbque lifts are described by Benton and Davts. 

For the Haelll probe, the clones containing a 272 bp Haelll insert In tho nrn«», 
positions 3181^456 from the pBR.SA donor are pk*ed^ anTp^i! «XT^ ^^'^ 

The two M13 clones are grown and the ssONA is Isolated Z <tescrted abov «- 

Messing, supra. from ,he cu,,un » wpemalants as described by 

The Hlnft probe Is 5* to the diagnostic Mstll and Ddel sites and win «. 
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where ticks on seals are every 50 base pairs and ticks on rmirn™, ~. , ... . 

~.Z»^~^^ZZStt3Z£Z!£: 

minutes and the reacted materials are Isolated by ethanol precaution m 10 

Human genomic ONA homozygous lor normal 8-globin Is extracted from the rvmnhnin t,.. 
(Human Genetic Mutant Cell Repository (HMCR). Camden NJ q£Vc\ .5? h " " ne Molt * 

homozygous for sickle cell anemia Is extracted from I E^Sormed I b2 Li Si^TT "T 0 "* DNA 
Collection (ATCC). Rockvifle. MD. CRL8766). using •Zxm^S^ uJ^T^ Typ9 ^ 
Human genomic ONA from QM2064 (HMCR). which contain, no™ .? J delHSbX 1'^ 0 - 2 ^- 
extracted using essentially the method of Manlatls et al., supra. B aoil y££ * 8 . r^'"" 5, ls 
from an individual wflh the heterozygous sickle cell allele sorted ^mM^.^? 0 " 1 ' 0 DNA dona,ed 
The ONA is most easiry prepa^from 10 to K J ml o S SlSS^S^'tS^^*"- 
in high salt and detergent, extraction of nucleic acids using pheno? a^d » .Si 09 * Whi,e CBlIs 

M^r>u« 

[1 :?. Z-f<Sr!^ Add ' - PH-noUchioroform 

minutes, then centrifuge at high speed Ch ' 0r0,0,Tn| - wd 9mu ! s,f y- Co "«™ porous shaking for five 

und!s£b?^ X th9 ^ ° f 

centrifuge at high speed. ' m ' n " dd " ml 95<Vo 9thano( - Mix thoroughly, then 

5) Oecsnt the supernatant, then add 3 ml 7<Ph ethanol to tube Mi* v«„«r~ -k. , - . 
pellet, then centrifuge at high apeed Decant Ihe^i^rt fr 0 "" 0 to *««P<»nd the 

centrWug.tion an^ecantatlon. add it SSS LTmI Sen 7? J ,,han °' WMh - Aft " 

. ethanol. then dry the tube. * " cen,nfu 9" at high speed. Decant the 

precipitation with three volumes of 70% ethanol with ihTwaetaitai. h..™ ^ d ?° m 9rad,ent fr""*' 0 "* °X 
ethanol. The precipe dr*d. th. ONA h 

maSa^sTnS^ J~ of both according to «h. 

and In the field. It Is Important that restriction e^e dToestfoT?^ "f *! ^ baaX 9xam P* 
particular, the Ddei/Mstll site present In ^pe^NA b^S^.^*^ ta 
samp.es of ONAlacldng the sickle cell an.... ^^mS^,^^ ^ h " l ° *» c ' 9aV9d *■ 
special care must be taken to ensure that digestions ^^irncJ.^T ^"^^ '« "ot highly active, 
us. of an order of magnitude more enzyme th^theo^tlX^d^^o C " n imo ^ *» 
of sickle cell, the digestion of ONA wfth excesses . rtbSffiS l£ nl?? "I* 0 * 9, h '""P^eas. 
digestion should not be relied upon, since " »™ * 
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Into a digestive mixture. 



The genomic DNA is denatured by heating at 95* C for fhm mlnutim ar»n mniww .* u . L 
0.2 M N.OH at 25-C for , 0 minutes followed by «po£^^ 
After cooling or neutralization, the two probes are added to each denatu rft! P , , ^ 

room temperature, after which time the plate is washed vLT^7^ Z^^?J h ™*' x 
detergent After agitation for five minutes tte rinse ac^nt bre!toS \JS^T h , ? Tnt °" X - 100 
conjugate of avidin and horseradish peroxidase ob'aEe ^ 

connate for 20 minutes, followed by rinsing with the wash so.utloTtowhteh I addeVTia S?. W , '? 
Incited with a mixture of sodium acetate, ethanol. a.S^.SMetxameX^roldlne^B) L u n " 

A blue color appears for the SCI cell One. Indicating that the Ma«^rrTMa?^2i*» .i 4nd k Hj0j - 
*noni*B.pJoUn.r. not preset 

QM2C64 cen line, as expected, because there are no B^^^^J^^^^ con ™ 

One hour after incubation wtth TMB and H a 0 2 . HjSOa mav ba arfrfaH t~ , 

has appeared, it will change to bright yeHow a^d the a^nounf o< se^Tc "L"^- " b ! U8 co,or 
measuring the abscrbance of the reaction mixture at 4S0 L S * qUenCe pre9ent w be Wtitetf by 

suJSo,? 0 " 6 Pr0C " S ^ bS 8Ut ° ma,ed U3, ' n9 & ' iquid hand " n 9 "«~™«« microbter well, as the 3oBd 
EXAMPLE 2 

The probes may be constructed from DNA segments obtained bvciMv<nn *,» ucii T-T" 
segments to be used span positions 104-364 and S „d X 9 « eMSI, Pf us 9*ne withal. The 
fragmenta. respectively See fte map btow ^ cont, fl uous 261 b P «* 414 bp Tag! 

.Scale 7 . 972 3 ' 
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The procedure employed in Example 1 can then be utilized exceot that n» 
cleave the DNA after hybridization. If N. gonorrh eae Is pZt S IS «^f^° en2yma ls used ,0 
Indicating that hybridization of the p^A^m!iS^JiS^ ' b,ue Mlor W". 

In general, the Invention provides the use. In a liquid hybridisation method far d.h«*„„ . 
acid sequence, of at least two oligonucleotide probes. JLst^TJ^nZ^^ 9 " PVt)CU,ar nude,c 
to the same or different label mtfeties capable of being^terf j U! i J T !' ' '!P° rter P rot » ""ked 
support-binding probe linked to a blndlngmoie^ which tSSS^S^S^ ™ l*** pTObM " • 
molecule and which is different from the label moiety or S3ta3S^aS12 T 'J^ 6 ™"*^ ^9 
wherein aJ. of said probes are complementary to dSS°22 Zl^tT" " probe »- 
nucleic acid sequence to be detected non-ovenapping regions of the same strand of said 
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Claims 



A liquid hybridization method for detectina whether « narii^.u, - i • 

r* — *- - «- - « - «Si'SKSs ssmbxj 

(a) extracting the nucleic acids in the test sample • 

!2 V™!^ f,? y aX1ra . C,ed <Joub,e - s,rand8d ""C'ete acids into single strands- 
(c) exposing the single-stranded nucleic acids to a molar excess of each „r .« i . 
oligonucleotide probes, at least one of which probes Is a reoortef orohJ a ? !i ^ ^ 
different tobel moieties capable of being detected! II rt JSj? ""J""? ° r 

support-toinding probe linked to a binding moiety wh chTpecW«uSrecLnt^„! r ? M " 4 
binding molecule end which Is different from the label mole* SmtSSJJ !2Sm. ™S? mtn lS y 
or probes, wherein all of said probes are complementary Xom^m^t^tL^T ^ 
same strand of said nucleic acid sequence to be detected- norvoveriapplng regions of the 

prool; to^eiu'en";?" 6 **" ^ W * COnditi0 ~ *- ri "° ^-t.on of said 

(g) detecting the presence or absence of said seauenca bv a»w<in n th. • 
more means for detecting the label molery or molB^To^B^r^L^^ '° ° n " v 

2. A method according to claim 1 wherein iald nucleic ; acids lr> StaJTT . P "?!*" 

DNA and said probes are oagodeo^nucleSi^bM * MmP " ««>"*"e-str*nd«cf 

3. A method according to claim 1 or 2 wherein said probes are In a 10 om » n i nnn r™ , M 
excess over the test sample n 8 10,000 ,0 '.000,000 fold molar 

P^eT^?^*^ of the reporter 

complex or comp.exes between ^2SSSSSS£SSSS^^T^ * a da,eC,ab,a 
detection meana associated therewith Polypeptide, lectin or antibody having a 

contained in *| ss t sample of DNA is contained Ihe^n Mmpris^^the steDs'of-"*" 0 * SU3pec,8d °* oe,n 9 

(a) extracting the DMA In the test sample- * ,ap * 

(b) eeparating the DNA Into single strands: 

(c) expoelng the aingle-etranded DNA to a 10 000 to 1 ooo omj„w ■ 

DNA probes, one of which Is a reporter probe U^SiSS^^S" "f °' •** °' ^ 
the DNA sequence to be detected, and oneo whteh hi ™.!2& B ^ to0M,B « ,OBof 
fluorescein and complementary to a second ^Vf^ iua^JSS 8 pro , be ' ttached te 
the same strand of the DNA sequence to be detected an^.^ S ' ^ re ° lons beln <> from 

(d) subjecting the mixture (cj ^ ^ 

probes to said DNA sequence; nyonoizatlon conditions favoring hybridization of said 

(e) contacting the mixture of step (d) with a solid «, nM> . „k- 

specific-.* bind to fluorescein and ^M^ ^t^SS^t^ "•** 
support-binding probe to the support phase P r °- , " a »«<* »o block non-specific binding of the 

m washing the solid suppon phase to remove any unhybridfced nuc.eic acids and caHular debri. ( 
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from the solid support phas^; 

(g) adding an avfdin-enzyme or streptavkfin-enzyme conjugate to the washed sold support* and 

(h) adding a substrate for the enzyme to the enzyme-treated support and ushg spectroscopic 
means to detect the formation of the product of the enzyme-cataryzed reaction. 

5 10. A nquid hybridization assay Wt for determining whether a particular nucleic acid sequence suspected 

of being contained In a test sample of one or more nucleic acids Is contained therein comprisina in 
packaged muM-contalner format. 

(a) contalner(s) for at teastone oligonucleotide reporter probe which Is linked to a label moiety 
capable of being detected and which probe Is complementary to a first region of one strand of the 

10 nucleic acid sequence to be detected; 

(b) a container for an oligonucleotide support-binding probe which is linked to a binding moiety 
which is different from said first label moiety and which specifically recognizes a complementary 
binding molecule, wherein the sup port- binding probe is complementary to a second region of the 
same strand of said sequence which region does not overlap the first region of said sequence ; and 

15 (c) a solid support carrying said complementary binding molecule which is specrficalry recognized 

by the binding moiety of the support -binding probe. 
1 1 . The use, In a liquid hybridization method for detecting a particular nucleic acid sequence, of at least 
two offgonucleotide probes, at least one of which probes Is a reporter probe linked to the same or 
different label moieties capable of being detected, and at least one of which Is a support-binding probe 
20 linked to a binding moiety which specifically recognizes a complementary binding molecule and which is 

different from the label moiety or moieties used for the reporter probe or probes, whereJn all of said 
probes are complementary to different non-overlapping regions of the same strand of said nucleic add 
sequence to be detected. 
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